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Electron microscopic studies extending over
the past decade have led to significant advances
in knowledge of the biology of the melanocyte
(1, 2, 3, 4). Certain problems, however, remain
outstanding, foremost among which is that con-
cerning the exact nature of the relationship be-
tween the melanocyte and another epidermal
component, the cell of Langerhans (5, 6, 7).
Some workers (8, 9) deny that any such rela-
tionship exists, but there is considerable evi-
dence which suggests that the Langerhans cell
is either a worn-out melanocyte in the process
of being desquamated (10, 11) or, possibly, one
of the division products of a mature melanocyte
which never engages in melanogenesis and is
expendable (12). Examination of fetal skin at a
period when immature melanocytes are present
in appreciable numbers and multiplying within
the basal layer of the epidermis might well be
expected to throw further light on this question
of the origin and nature of the Langerhans cell.
It is of interest to establish if, indeed, these cells
are present in the skin at this stage of develop-
ment, and if they already contain the character-
istic cytoplasmic organelles, the nature and
mode of formation of which is obscure (7). If
the Langerhans cell is, in fact, related to the
melanocyte, transitional forms containing pre-
melanosornes (precursor melanin granules) and
characteristic Langerhans cell granules together
in the cytoplasm might be encountered. Such
intermediate type cells are not found in fully
developed epidermis (6).
Zimmerrnann and Becker (13) have shown
that in the Negro fetus there is a rapid influx
of melanocytes into the epidermis between the
twelfth and fourteenth weeks, so the present
material was considered suitable for the pur-
poses outlined above.
MATERIALS AND METHODS
Skin was removed from the arm, forearm, and
face of a human fetus (Caucasian), of menstrual
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age fourteen weeks, obtained at hysterectomy.
Small blocks of tissue were fixed for 2 hours in
buffered osmium tetroxide at 40 C, dehydrated in
70%, 90%, and absolute alcohols, and then em-
bedded in Araldite according to the schedule given
by Glauert (14). Some specimens were stained in
bulk by 1% phosphotungstic acid in 90% alcohol
before embedding. Thin sections were cut on a
Huxley ultra-microtome and examined in a Sie-
mens Elmiskop I electron microscope. Sections of
blocks not stained in bulk were stained with lead
on the grid by Karnovsky's (15) method.
In addition to the above, blocks of formalin
fixed skin were processed for light microscopy, and
sections were stained with hematoxylin and eosin,
and with silver nitrate using Masson's (16) technic.
RESULTS
Light Microscopy
Figure 1 illustrates the degree of differenti-
ation reached by the forearm and arm epider-
mis. Hair germs and associated anlagen of der-
mal papillae are present. The epidermis consists
of a basal germinative layer of cubical cells
with rounded nuclei, superficial to which are
larger cells (one or two layers) of the stratum
intermedium with rather "empty" looking cyto-
plasm, and, most superficial of all, an incom-
plete layer of flattened cells, possibly the pen-
derm. Similar sections stained by Masson's silver
nitrate technic showed a complete absence of
argentaffin granules in cells of both epidermis
and dermis. From this it could be concluded
that, though melanocytes might be present, they
had not yet begun to synthesize melanin. This
observation was confirmed by electron micros-
copy as will be seen. One may note here in
comparison, that Zimmermann and Becker (13)
found argentaffin granules in dermal melano-
blasts of the Negro fetus as early as the tenth
week, and in epidermal melanocytes one week
later.
Electron Microscopy
Figure 2 is a low-power survey electron
micrograph showing the full thickness of the
epidermis. The cells of the basal stratum germi—
nativunTi contain cytoplasmic organelles in mod-
erate numbers, in contrast to those of the over-
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FIG. 1. Transverse section of fetal arm skin at fourteeii weeks. II. & E. 1,150 X. D. P., dermal papilla;
HG., hair germ; B, basal, I, intermediate, and S, superficial cell layers respectively of epidermis.
lying cells of the stratum intermediurn which
exhibit a characteristic "empty" appearance of
the cytoplasm in sections stained with P.T.A.,
but which are seen to be packed with glyco-
gen when stained with lead. Most superficially
is a layer of flattened cells with prominent
cytoplasmic vesicles, and exhibiting micro-villi
along the free surface of the plasma membrane.
These cells bear a remarkable resemblance to
cells which appear on the surface of embryonic
chicken skin following culture with excess Vita-
min A, and which Fitton Jackson and Fell (17)
regard as having undergone mucous metaplasia.
Whether or not they represent the periderm in
the present material is debatable, but their oc-
currence as an apparently normal feature of
human fetal skin is a matter of considerable in-
terest. A more detailed account of these cells
is given in another report (18).
Epidermal melanocytes
Melanocytes were present in moderate nuin-
bers in the basal stratum germinativum, and
were occasionally seen in the overlying inter-
mediate layer. No cell was observed in the ac-
tual process of crossing the dermo-epidermal
junction, but many of those in the basal layer
were separated by spaces of varying extent from
the flanking keratinocytes, and the basement
membrane was deficient in places along the
dermal aspect of the plasma membrane. These
features indicated that the cells had but re-
cently entered the epidermis.
Melanocytes were readily distinguishable
from surrounding developing keratinocytes in
both P.T.A. and lead stained sections by virtue
of a more electron dense cytoplasm devoid of
tono-filaments, and the absence of desmosomes
along the plasma membrane (Figs. 4, 6). Golgi
membranes, endoplasmic reticulum, and numer-
ous mitochondria of large size were present in
the cytoplasm, which also contained localized
aggregations of glycogen particles (Figs. 5, 6).
Pre-melanosomes were readily recognizable
as rod-shaped granules exhibiting 90 A striation
(approx.) on longitudinal section (Figs. 5, 6).
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The largest ones measured 0.4 p. >< 0.15 p.
wluch is very similar to the size in the adult.
The majority however were smaller, measuring
on average 0.25 p. >< 0.08 p.. Representatives of
both types cut in various planes may be seen in
the rnicrographs. With the possible exception
of one illustrated in Fig. 6, none showed any
sign of incipient melanization. Cytoplasmic or-
ganelles of the type characteristic of Langer-
hans cells were not found in any melanocyte ex-
amined.
Dennal melanocytes and melanoblasts
At the stage of development represented by
the present material one might expect melano-
cytes, and perhaps an occasional melanoblast,
to be present in the dermis. As regards the for-
mer, no cell containing organelles which could
certainly be identified as prernelanosomes was
seen. A number of cells with well-developed
Golgi membranes and numerous small vesicles
were present at various sub-epidermal levels.
These could be distinguished from other cells
which were almost certainly fibroblasts, and
may well have been melanoblasts. However, in
the absence of any more definite criteria for the
identification of this class of cell, it is not possi-
ble to express a positive opinion on this matter.
Lan gerhans cells
These were present in the basal and lower in-
termediate layers of the epidermis (Figs. 3, 7).
They were significantly much fewer in number
both absolutely, and in relation to the concen-
tration of melanocytes, than in adult epidermis.
Like melanocytes, they could be distinguished
from keratinocytes through the absence of
tono-filaments and desmosomes, and positively
identified by the presence in the cytoplasm of
organelles characteristic of this type of cell (5,
7). These organelles are thought to be disc-
shaped granules, sections of which appear in
micrographs as rod-like bodies with rounded
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FJG. 2. Low power electron micrograph of a section through the full thickness of the epidermis.
P.T.A. stain. 3,600 x. B, basal, I, intermediate, and S, superficial cell layers respectively of epidermis.
D, dermis. Arrows point to the basement membrane.
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FIG. 3. Basal layer of epidermis. Lead hydroxide stain. 12,800 X. I, cell of intermediate layer; K,
keratinocyte; L, Langerhans cell and process Pr.; M, melanocyte; ID, dermis.
ends and a striated line running down the center
(Fig. 8). These sectional profiles in the fetal
cells were similar in appearance to those of adult
Langerhans cells except that none exhibited a
blowing out of the boundary membrane, a fea-
ture frequently though not invariably observed
in the latter. In respect of all other morphologi-
cal features of the cytoplasm, the Langerhans
cells of the fetus were identical with those of
the adult. The nucleus was also similarly in-
dented. Premelanosomes were not present in
the cytoplasm.
Langerhans cells of typical appearance were
not present in the dermis, nor was any cell ob-
served which could justifiably be classed as an
earlier or less differentiated form.
DISCUSSION
This investigation has shown that Langerhans
cells, practically identical in appearance with
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FIG. 4. Melanocyte from lower intermediate cell layer. P.T.A. stain. 24,000 X. The cytoplasm of
the melanocyte which contains premelanosomes, P, is more electron dense than that of surrounding
keratinocytes, K. d, desmosomes associated with plasma membranes of keratinocytes; t, tono-fila-
ments in keratinocyte cytoplasm.
those of the adult, were present in fetal epi-
dermis containing only immature melanocytes
which had not yet begun to synthesize melanin.
This finding seems to be incompatible with Mas-
son's (10) and Billingham and Medawar's (11)
view that the Langerhans cell is the defunct
relict of a previously active melanocyte which
has exhausted its capacity for melanogenesis.
The suggestion made recently on other grounds
(12) that this view is no longer tenable is there-
fore reinforced.
An alternative view (12) that the Langerhans
cells of adult epidermis is one of the division
products of a mature melanocyte, which, unlike
its sibling never engages in melanogenesis, but is
exfoliated, likewise receives no support from
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Fm. 5. Portion of a melanocyte in the basal layer. Lead hydroxide stain. 28,000 X. b, basement
membrane; g, glycogen in cytoplasm of melanocyte; m, mitochondria; n, nucleus of melanocyte; p,
premelanosomes. Processes of keratinocytes, K, intervene between the melanocyte and the basement
membrane.
the present observations. According to this hy-
pothesis, the Langerhans cell represents in a cer-
tain sense an immature, i.e., a post-division pre-
melanogenic, phase of the melanocyte. If this
interpretation be correct, one might reasonably
expect such cells to be fairly abundant in fetal
epidermis at a stage of development represented
by the present material, and indeed, the ab-
sence of argentaffin granules following staining
of sections with silver nitrate raised the possibil-
ity that electron microscopy might reveal just
this state of affairs. It was also felt that Lan-
gerhans cells might be present in the dermis,
and that cells might be encountered contain-
ing both premelanosomes and the characteristic
Langerhans cell type of granule. In the event,
none of these expectations was realized, and
taken as a whole, therefore, the present findings
seem to indicate that there is no relation be-
tween the two types of cell under consideration.
However, it is difficult to adopt this view in the
face of the large body of evidence of a more
positive character which suggests the contrary
(19). This has recently been supplemented by
the demonstration that iii epidermis of white
skin of recessively-spotted guinea pigs, Langer-
hans cells are found in the position occupied
by the basal melanocytes of adjacent pigmented
skin (20). An identical condition is found in
skin of the white forelock region in human pie-
baldism (21) and in vitiligo (5).
A number of workers maintain that Langer-
hans cells are Schwann cells or intercalated (in-
terstitial) cells which migrate from the dermis
into the epidermis (8, 9). Again, the present
study produced no evidence to support this
view. Schvann cells, intimately associated with
developing neuraxons, were present in the super-
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FIG. 6. Cytoplasm of melanocyte. Lead hydroxide stain. 67,200 X. g Golgi region. p premelano-
somes which, when sectioned in appropriate plane show characteristic striation. k, keratinocytes.
Inset. Prenielanoomes from another melanocyte. 75,000 X. The one on the right shows evidence of
incipient melanization in the centre.
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Fxu. 7. Langerhans cell in basal layer. P.T.A. stain. 14,000 X. Note indented nucleus, and cyto-
plasm which is more electron dense than that of surrounding keratinocytes K. D, dermis.
ficial dermis, but none exhibited any of the
characteristic features of Langerhans cells. No
dermal cells were seen which would justifiably
be regarded as "free" Schwann cells, or inter-
calated cells, or, in fact, any other precursor
type of cell which might serve as a source of
supply for the Langerhans cells already present
in the epidermis. One might conclude that if
examination of fetal skin is to throw any light
upon the problem under consideration it will be
necessary to study material at an earlier stage
of development. The fact that there was very
little difference in appearance between fetal
Langerhans cells at fourteen weeks and those of
adult epidermis, certainly shows that they be-
come fully differentiated at a comparatively
early stage. This tends to reinforce the sug-
gestion (12) that they may have some sig-
nificant function to perform in relation to the
malpighian cells of the epidermis.
Apart altogether from the question of the
origin of the Langerhans cell, it was hoped that
some information might be gained concerning
the mode of formation of the characteristic cy-
toplasmic organelles. In a previous report (7)
it was suggested that they may be derived from
vesicles, probably Golgi vesicles, abundantly
present in the cytoplasm. Similar vesicles were
also seen in the fetal cells, but there was an ab-
sence of profiles which in adult Langerhans cells
were thought possibly to represent stages in the
transformation of vesicles into discs which pre-
sent the characteristic rod-shaped appearance
on section. Rod-shaped profiles themselves were
relatively scarce and it may be that the absence
of supposedly transitional type organelles was
due to the fact that production had just com-
menced or is comparatively slow in fetal skin.
However this may be, the nature, mode of for-
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FIG. 8. Portion of cytoplasm of Langerhans cell seen in Fig. 7.42,000 X. g, Golgi region; n, nucleus;
r, characteristic rod-shaped profiles; v, cytoplasmic vesicle. In practically every respect the cytoplasm
of this cell is indistinguishable from the cytoplasm of a Langerhans cell of fully developed epidermis.
mation, and function of these organelles re-
mains obscure.
SUMMARY
Epidermal melanocytes containing non-mela-
nized prernelanosomes were present in the basal
and lower intermediate layers of the epidermis.
No melanocytes were seen in the dermis, and
cells in this situation, which may have been
melanoblasts, could not certainly be classed as
such in the absence of positive criteria for iden-
tification.
The very few Langerhans cells present were
practically identical in appearance with those of
adult epidermis, and none contained premelano-
somes in the cytoplasm. The observations defi-
nitely indicate that the Langerhans cell is not
the outworn remnant of a previously melano-
genic melanocyte. The bearing of the results on
other views concerning the nature of this cell
is discussed.
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